An estimated 170 million people globally and 5 million people in the United States are infected with hepatitis C virus (HCV), with injection drug use as the major transmission route [1] . Fifty percent to 80% of those exposed to HCV will develop chronic infection that can ultimately lead to hepatic fibrosis, hepatocellular carcinoma, and cirrhosis [2] . Until recently, pegylated interferon/ribavirin (PEG-IFN/ RBV) had been the standard treatment for all hepatitis C genotypes, resulting in viral eradication in approximately 50% of treated patients [3, 4] . Recent approval of boceprevir [5] and telaprevir [6] for HCV genotype 1-infected patients simultaneously increased treatment efficacy and its complexity, necessitating rigorous adherence to medication administration to mitigate development of resistant variants.
In the United States, the majority of prevalent and incident HCV infections occur in drug users (DUs) [7] . Unfortunately, however, HCV treatment uptake remains low among DUs. Namely, less than one-third of patients referred to specialty clinics appear for evaluation and <20% of those evaluated initiate antiviral therapy [8] [9] [10] . DUs often cite discomfort encountered in conventional medical venues as a primary obstacle limiting pursuit of an HCV evaluation [8] . Consequently, HCV therapeutic effectiveness in DUs is an issue of treatment access, acceptance, and adherence rather than drug efficacy [11] .
Understanding the factors that influence adherence of DUs to PEG-IFN/RBV has relevance to more complex treatment regimens, such as those that include boceprevir and telaprevir. While many factors that influence treatment outcome are unmodifiable, treatment approaches tailored to DUs could be pursued. To determine the influence of support services on HCV treatment completion and therapeutic success, we conducted a meta-analysis of studies on DUs treated with PEG-IFN/ RBV. Because most of these studies have relatively small sample sizes, their aggregation through meta-analysis increases statistical power and facilitates generation of evidence-based conclusions.
METHODS

Search Methodology
We searched multiple electronic resources (including PubMed, ClinicalTrials.gov, EMBASE) for studies of HCV treatment in DUs using combinations of relevant keywords (hepatitis C virus, drug users, substance use, sustained virological response [SVR] , pegylated interferon, ribavirin). We also reviewed references from the retrieved articles. The last search was performed in September 2011, resulting in 1144 studies screened for eligibility.
The inclusion criteria for studies were (1) a population of at least 10 DUs treated with PEG-IFN/RBV and (2) a reported treatment outcome. Successful treatment outcome was defined as achieving a sustained virologic response (SVR), that is, undetectable HCV RNA 24 weeks after treatment cessation. DUs were defined as individuals who reported exposure to illicit drugs (including injection and noninjection). Illicit drug exposure was defined as the nonmedical use of drugs prohibited by international law. We only included papers published in English except for 1 Serbian study included because of a native Serbian speaker on our team. Papers that did not satisfy the inclusion criteria were excluded.
Thirty-four publications (published 2004-2011) comprising a total of 2866 patients were included (Table 1) . Because 2 publications [12, 13] contained independent arms, they were considered separately; thus, a total of 36 studies were evaluated.
Data Extraction
To facilitate data coding and extraction, we designed a form (Supplementary Data). We collected information on treatment completion rates and success, study design, demographic and hepatic characteristics, treatment of addiction, support services, and methods to deliver HCV treatment. Each study was coded independently by 2 investigators (R.B.D. and M.Z.), coding results were compared, and discrepancies were resolved by discussion between the 2 reviewers.
Statistical Analysis
Units in the meta-analysis were the independent studies. Main variables of interest were the treatment completion and SVR rates. We considered HCV treatment not completed if patients were discontinued for any reason other than lack of viral response (which is a standard PEG-IFN/RBV discontinuation rule). Reasons for noncompletion included nonadherence, substance abuse, patient unwillingness to complete therapy, loss to follow-up, death, adverse events, or other reasons. The SVR rate was determined by intention to treat as the proportion of patients (DUs) who achieved an SVR among all DUs. We used as outcomes the log odds for achieving an SVR and the Freeman-Tukey double arcsine transformed [14] treatment completion rates (due to rates equal to 1). Heterogeneity of the effect sizes between the studies was investigated, tested (Cochran test) and quantified through the Q and I 2 statistics ( proportion of total variation due to heterogeneity between studies). If heterogeneity was present, a random effects model was used for inference and the DerSimonian-Laird estimator [15] was used for the heterogeneity parameter. We verified the assumptions of the model and investigated for outliers using the Shapiro-Wilk normality test, as well as weighted normal plots of the elements of Q [16] . In order to determine the influence of the individual studies, we performed influential analysis. Furthermore, interstudy variability due to different study characteristics and factors, including treatment of addiction, were assessed through meta-regression analysis. Treatment of addiction was defined as participation in a pharmacological maintenance, pharmacological detoxification, or behavioral program, or a medication regimen for individuals with drug addiction disorders. We also analyzed specific support services designed to increase treatment adherence including needle exchange, counseling, educational interventions for HCV, case management, directly observed therapy, motivational interviewing, and peer support groups. We also sought to determine whether involvement of a multidisciplinary team (defined as a systematic program for treatment of HCV patients that includes specialists from 2 or more areas) affected the treatment completion and SVR rates. These teams were typically comprised of different specialists including hepatologists, addiction medicine specialists, psychologists/ psychiatrists, infectious diseases specialists, and general practitioners. We investigated the potential for publication bias through funnel plots and Egger regression test of funnel plot asymmetry. The significance level in all tests was .05, and all analyses were conducted using SAS (SAS Institute, Cary, North Carolina) and R (http://www.r-project.org/).
RESULTS
Characteristics of the Studies
Thirty-six studies, ranging in size from 11 to 822 individuals, were included ( c Study includes independent arms, which were treated as separate studies.
active DUs. Eight studies defined former drug use as at least 6 months of abstinence prior to HCV treatment, whereas one study required at least 4 months, one 12 months, and an additional one had a median of 24 months of abstinence. Addiction treatment during HCV therapy occurred in 61.6% of patients (1303/2115 from 28 studies). Provision of support services was described in 31 studies, 15 with services and 16 without (Table 1) . Twenty-two studies treated HCV using a multidisciplinary team.
Treatment Completion Rates in DUs Treated With PEG-IFN/RBV
We calculated the pooled treatment completion rate as 83.4% (95% confidence interval [CI], 77.1%-88.9%) from 32 studies ( Figure 1A ). We identified heterogeneity in the treatment completion rates (I 2 = 90.2%, P < .0001). We identified neither publication bias (P = .30; Figure 1B ) nor any particular study as influential.
The influence of various factors on treatment completion rates, estimated coefficients, and P values are shown in Table 2 . Twenty-five studies that reported treatment completion also specified the number of addiction-treated patients during HCV therapy. From these 25 studies, we identified a trend in increased treatment completion when the proportion of patients treated for addiction during HCV therapy increased (P = .105). In 19 studies, all patients were treated for addiction, and only 5 studies [20, 24, 37, 43, 44] (the control group from [13] was excluded as an outlier) included both addiction-treated and untreated patients during HCV therapy. In these studies, 1061 patients were treated for HCV, and 348 of them received addiction treatment. We found that the higher the proportion of patients treated for addiction during HCV therapy, the higher the treatment completion rate (P < .0001). Further, among these studies, only Manolakopoulos et al [43] specified the proportion of patients who used illicit drugs during HCV therapy (16.5%). Thirteen of the studies that specified the treatment completion rate also specified the number of active DUs, but this observation was not significantly associated with treatment completion (P = .93). Additionally, we identified a trend of increasing treatment completion with increasing baseline substitution therapy (P = .058).
Factors such as HCV infection with genotype 1/4 (from 12 studies, P = .026) and HIV infection (P = .044) were associated with lower treatment completion. For genotype 1/4 infection, the pooled rate was 80.0% (95% CI, 66.0%-91.3%; I 2 = 85.7%).
We observed the opposite association among those with genotype 2/3 infection; that is, the higher the genotype 2/3 Figure 1 . A, Forest plot demonstrating the treatment completion rates and associated 95% confidence intervals for each of the studies included in the meta-analysis. Column labeled "Tx compl." refers to the number of patients who completed treatment, and column labeled "% compl." refers to the percentage of patients in each study who completed treatment. Treatment completion ranged between 36.4% and 100%. In 7 studies, all patients completed treatment including 5 studies that reported extremely high sustained virologic response rates [19-21, 28, 41] and 2 that had small sample sizes [10, 32] . B, Funnel plot assessing publication bias for studies reporting treatment completion rates for hepatitis C virus infection. Treatment completion rates were transformed using the Freeman-Tukey double arcsine transformation [14] by the following formula:
proportion, the higher the treatment completion rate (P = .0007). For genotype 2/3, the pooled completion rate was 90.8% (95% CI, 77.3%-99.1%; I 2 = 88.2%). For HCV monoinfection studies, the pooled rate was 87.0% (95% CI, 79.0%-93.3%; I 2 = 89.9%), whereas the pooled rate of studies that included HCV/HIV-coinfected patients was 67.9% (95% CI, 53.0%-81.3%; I 2 = 79.0%). Additionally, the higher the proportion of male DUs, the lower the treatment completion rate (P = .051). Among 3 US studies with African American patients (9/56), treatment completion rates were lower (P = .004). None of the other variables evaluated were significantly associated with treatment completion. We also investigated the heterogeneity among the treatment completion rates through multivariable meta-regression. Seventeen studies simultaneously included data on the treatment of addiction during HCV therapy, HIV/HCV coinfection, and sex as well as the availability of support services. Based on these analyses, we found a significant negative correlation between treatment completion and HIV/HCV coinfection (P < .0001) and male sex (P < .0001), as well as a positive correlation with availability of support services (P < .0001). From this model, the heterogeneity parameter was estimated as 0 (P = .58).
Treatment Efficacy in DUs
We calculated an SVR rate of 59.4% (95% CI, 54.0%-64.7%) based on all 36 studies (Figure 2A ). We identified significant heterogeneity (P < .0001) and estimated I 2 as 83.5% (95% CI, 78%-87.6%). We initially detected potential publication bias in the SVR rates among the included studies (P = .015). After removal of 
, where θ i is the Freeman-Tukey double arcsine transformed treatment completion rate from study i, β 0 is intercept, b i is random effect for study i, x i is the value of the covariate from study i, and ɛ i is the within study error. The covariates are expressed either as proportions (treatment of addiction during HCV therapy, substitution therapy at baseline, drug use during HCV treatment, genotype 1 or 4, human immunodeficiency virus infection, male, African American from US studies, Caucasians from US studies, psychiatric comorbidities, biopsy performed, methadone maintenance during HCV treatment), as categorical variables (study design, location in United States, multidisciplinary team involved, support services offered) or as continuous variables (median/mean age). c Significant P values are indicated with an asterisk.
d I 2 added if heterogeneity is present.
e Substitution therapy included patients on either methadone or buprenorphine.
4 outlying studies [19, 21, 28, 41] , publication bias resolved (P = .175; Figure 2B ), I 2 decreased to 78.6% (heterogeneity remained significant, P < .0001), and the pooled SVR rate became 55.5% (95% CI, 50.6%-60.3%). The outlying studies had SVR rates ≥94% [19, 21, 41] and included relatively younger patients (median/mean ages of 27.0, 30.1, and 32.9 years, respectively). These studies were excluded in all subsequent analyses. Differences in the proportions of patients treated for addiction during HCV therapy did not explain the heterogeneity between the SVR rates (P = .930; Table 3 ). The pooled SVR rate among addiction-treated patients was 53% (95% CI, 49.4%-56.6%) from 20 homogeneous (I 2 = 25%, P = .15) studies that reported the respective rates. Moreover, among the studies which included addiction-treated and untreated patients, only Manolakopoulos et al [43] specified the proportion of patients using illicit drugs during HCV therapy (16.5%). Thirteen of the studies specified how many patients were active drug users, but this observation was not associated with SVR (P = .76). The median proportion of patients infected with HCV genotype 1/4 was 44.7% (IQR, 37.1%-57.5%), which significantly affected the SVR rate (P = .001). Moreover, when the effects of the proportions of genotypes 1 and 4 patients were assessed separately, the SVR rate was negatively correlated with the proportion of genotype 1 patients (P = .0065), but not significantly correlated with genotype 4 patients (P = .56). Similarly, higher proportions of HIV-infected patients were associated with lower SVR rates (P = .017). For HCV genotype 1/4, the SVR rate was 44.9% (95% CI, 41.0%-48.9%) from 19 homogeneous studies (I 2 = 0%, P = .637). For HCV genotype 2/3, the SVR rate was 70.0% (95% CI, 62.9%-76.3%) from 18 heterogeneous studies (I 2 = 57%, P = .002). Among 7 homogeneous (I 2 = 44.4%, P = .095) studies with HIV-coinfected patients, the SVR rate was 41.3% (95% CI, 38.2%-44.4%). Among 15 homogeneous (I 2 = 24.5%, P = .183) studies without HIV-coinfected patients, the SVR rate was 58.1% (95% CI, 54.6%-61.5%). Neither the median baseline HCV RNA level (available in 4 studies) nor the proportion of patients with advanced fibrosis (Scheuer stage ≥3; from 9 studies), were significantly associated with SVR. Additionally, in comparison with the SVR rate obtained from other countries, a significantly lower SVR rate of 44.6% (95% CI, 37.3%-52.2%, P = .035) was obtained among the 6 homogeneous (I 2 = 28.1%, P = .224) studies from the United States ( Figure 3) . The lower SVR rate may result from inclusion of significantly more HCV genotype 1/4-infected subjects in US studies (P = .003). None of the other variables assessed were significantly associated with treatment efficacy (Table 3) . Figure 2 . A, Forest plot demonstrating the sustained virologic response (SVR) rate and associated 95% confidence interval for each of the studies included in the meta-analysis. Column labeled "SVR pts." refers to the number of patients who achieved an SVR in the individual study. SVR was defined as absence of detectable peripheral hepatitis C virus RNA 24 weeks after treatment cessation. B, Funnel plot assessing publication bias for rate of sustained virologic response. Abbreviations: CI, confidence interval; SVR, sustained virologic response.
In addition, we investigated the heterogeneity among the SVR rates through multivariable meta-regression. Nineteen studies simultaneously included data on the proportion of HCV genotype 1/4 patients, HIV infection, and treatment of HCV through a multidisciplinary team. On the basis of this analysis, we found a significant negative correlation between SVR and genotype 1/4 (P = .0003) and positive correlation with involvement of a multidisciplinary team (P < .0001). We also found a nonsignificant negative correlation with HIV/ HCV coinfection (P = .19) and a heterogeneity parameter estimated as 0.0009 (P = .28).
Finally, we sought to assess whether treatment of addiction affects the early virologic response (EVR) rate. EVR was defined as either undetectable HCV RNA or a 2 log 10 decrease in HCV RNA by week 12. EVR rates were reported in 8 studies (Figure 4 ), which were heterogeneous (I 2 = 82.7%, P < .0001). The pooled EVR rate across all studies was 84.4% (95% CI, 73.3%-93.2%). Seven of these 8 studies reported that all of their patients were treated for addiction during HCV therapy (1 study did not specify), which did not enable us to evaluate the effect of treatment of addiction on EVR. The higher the proportion of genotype 1/4 patients, the lower the EVR rate (P < .0001).
DISCUSSION
Despite high HCV prevalence and incident infections, DUs may have difficulty adhering to the therapeutic regimen for HCV. Understanding whether various support services for HCV can assist DUs to complete HCV therapy and improve treatment outcome could have important clinical and public health implications. In this study, we observed that addictiontreated DUs have higher PEG-IFN/RBV completion rates than 
, where θ i is the log odds for achieving a sustained virologic response from study i, β 0 is intercept, b i is random effect for study i, x i is the value of the covariate from study i, and ɛ i is the within study error. . Forest plot demonstrating the early virologic response (EVR) rate and associated 95% confidence interval for each of the included studies that specified EVR rate. EVR was defined as undetectable hepatitis C virus (HCV) RNA or a 2 log 10 decrease in HCV RNA by week 12. Column labeled "EVR pts." refers to the number of patients who achieved an EVR in the individual study. Abbreviations: CI, confidence interval; EVR, early virologic response.
addiction during HCV treatment are comparable to those obtained in PEG-IFN/RBV registration trials (54% and 56%, respectively [3, 4] ). After adjusting for HCV genotype 1/4 and HIV/HCV coinfection, we observed that involvement of multidisciplinary team led to higher SVR rates among DUs. The treatment completion rate among all DUs was estimated to be 83.4% (from 32 studies), which is comparable to the 14%-22% of patients who discontinued PEG-IFN/RBV treatment in registration trials [3, 4] . Decreased treatment completion among patients with genotype 1/4 could be explained by the longer course of PEG-IFN/RBV treatment for these genotypes. Similarly, HIV infection may affect PEG-IFN/RBV completion by adding to the complexity of the treatment regimen.
We observed a trend between treatment completion and the proportion of male DUs: the higher the proportion of males, the lower the treatment completion. We previously reported that male DUs were more likely to pursue HCV evaluation after at least 3 years of substitution therapy [47] . These, combined with similar results [48, 49] , suggest that sex-based interventions may increase pursuit of and adherence to HCV care. In addition, regional variations in HCV disease characteristics may influence intervention design and execution. For example, US studies showed that an increased prevalence of genotype 1 infection potentially contributed to a significantly lower SVR rate than that observed in other countries.
Morbidity due to HCV continues to increase. The number of individuals with cirrhosis in the United States is expected to reach 1 million by 2020, and the number of HCVattributable deaths is predicted to increase 5-fold between 2030 and 2050 [50, 51] . We recently reported that 84% (n = 54) of methadone-maintained patients had at least moderate hepatic fibrosis (Scheuer stage ≥2) [47] . Although we demonstrated the importance of addiction treatment during HCV therapy and the availability of support services in general, we were unable to demonstrate the effectiveness of any specific intervention. Studies included in our meta-analysis were largely designed as efficacy studies, which varied widely in the description of services offered and complicated cross-study comparisons. Furthermore, these studies may have excluded patients not on addiction treatment or who were current DUs. To that end, we found a significant result of the role of addiction treatment on treatment completion among 5 European studies with addiction-treated and untreated patients. However, patients not treated for addiction during HCV therapy were mostly former drug users.
While publication bias was not a factor in the treatment completion rate, it was detected in the assessment of SVR likely due to few studies with large samples, studies with high SVR rates (>88%), and no studies with SVR rates in the interval of 70%-88%. Elimination of 4 outlier studies mitigated the publication bias. Although we demonstrated that treatment of addiction is associated with higher HCV treatment completion rates, our study was likely underpowered to demonstrate that treatment of addiction increases the SVR rate. Additional limitations include the paucity of papers on DUs not in drug treatment and the small number of African Americans in these studies.
In conclusion, published data suggest that the overall rates for treatment completion and SVR for PEG-IFN/RBV-treated DUs are comparable to registration trials. Further work should evaluate care models in DUs. On the basis of our results, we recommend that DUs treated for addiction should be considered for HCV treatment under the same circumstances as the non-DUs.
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